Introduction: The Centers for Disease Control and Prevention created a surgical wound classification system (SWC: I, clean; II, clean/contaminated; III, contaminated; and IV, dirty) to preemptively identify patients at risk of surgical site infection (SSI). The validity of this system is yet to be demonstrated in orthopaedic surgery. We hypothesize a poor association between the SWC and the rate of subsequent SSI in orthopaedic trauma cases. Methods: Nine hundred fifty-six orthopaedic cases were reviewed. Wounds were risk stratified intraoperatively using the SWC grades (I-IV). SSI was diagnosed clinically or with objective markers. The SWC was compared with SSI rates using a Fisher exact test. Significance was set at P , 0.05. Results: Four hundred patients met the selection criteria. The rate of infection was not significantly different across the SWC grades (P = 0.270). There was a significantly higher risk of SSI among patients with diabetes (P = 0.028). Conclusions: The Centers for Disease Control and Prevention SWC showed poor utility in predicting and risk stratifying postoperative SSIs in orthopaedic surgical cases.
S urgical site infection (SSI) is a dreaded complication of surgery, and the ability to identify risk factors for patients can be beneficial for managing patient expectations as well as optimizing good clinical outcomes. The National Nosocomial Infections Surveillance (NNIS) system set by the Centers for Disease Control and Prevention (CDC) ranked SSI third among all reported cases of inpatient nosocomial infections. Specifically, SSIs accounted for up to 16% of nosocomial infections in all hospitalized patients and 38% of all surgical patients. 1 SSIs remain a problem in surgery, despite significant advances in surgical techniques, modern technologies in the operating room, and preemptive measures such as perioperative intravenous antibiotics and preoperative skin antisepsis. SSIs will increase a patient's risk of morbidity and mortality and can have serious economic consequences. [2] [3] [4] Estimates of the annual incidence of SSIs following all orthopaedic procedures are between 31,000 and 35,000. 5 Active measures to identify important risk factors for developing SSI and preventing its sequelae led the CDC to create a risk model that includes the American Society of Anesthesiology (ASA) Score, procedure duration, and a surgical wound classification (SWC). The SWC is categorized by the degree of gross contamination (clean, cleancontaminated, contaminated, and dirty), and is used in conjunction with the ASA and procedure duration to identify those at risk of SSI. 6 The original classification system was developed by the National Academy of Sciences and the National Research Council Cooperative Research study in 1964, with later modifications by the CDC in 1982. This classification system has been widely used, and although less prevalent as of recent, it is still being implemented at a number of institutions for hospital quality improvement measures, third-party payers, and quality improvement collaborators. 7 In the operating room, the surgical wounds are described as clean, clean-contaminated, contaminated, and dirty ( Table 1 ). The SWC is based on crude analysis by the observer and is one of the three equally weighted components in the risk model. SSI has not been exclusively studied in the orthopaedic population using this classification system. The SWC has demonstrated efficacy for predicting SSI in visceral tissue; 7 however, it has also been described as ineffective because of low interobserver reliability between healthcare providers and institutions. 8 To our knowledge, there are no studies in the orthopaedic literature that have evaluated the prognostic utility of the CDC SWC system for orthopaedic SSI. Given its consistent use in select institutions to risk-stratify patients at risk of SSI, our objective was to determine the prognostic value of the CDC SWC in the orthopaedic patient. This study was performed at a Level 1 Trauma Center, where the CDC SWC is implemented for all surgical procedures.
Methods
Nine hundred fifty-six consecutive orthopaedic surgery cases, from the year 2012, were recorded by the senior author onto a Microsoft Excel spreadsheet. Each chart was manually reviewed and appraised for further evaluation based on the selection criteria.
Following a chart review of each of the 956 cases, the eligible cases were then deidentified and organized into a custom-built Microsoft Access database to enable further analysis. The organized deidentified data, including relevant demographic information, perioperative data, SWC, ASA, and duration of surgical procedure, were included for further analysis. All procedures were performed by a single orthopaedic surgeon (ie, D.S., the senior author) at a single Level 1 Trauma Center. At any one time, each procedure included an orthopaedic surgery resident and/or orthpaedic surgery trauma fellow, along with the supervising orthopaedic attending surgeon. All cases were classified postoperatively using the CDC SWC, as defined in Table 1 , by the treating attending surgeon and circulating nurse. The final class designation was a consensus agreement 100% of the time. (Table 2) , extremity (upper, lower, or pelvis), estimated blood loss, duration of surgery, orthopaedic devices (metallic and nonmetallic implants, external fixators, skeletal traction pins, and antibiotic bead chains), and the presence of tobacco use and/or diabetes. Orthopaedic procedures were derived from the operative report and evaluated based on the specific diagnosis documented by the surgeon under the "pre-and post-operative diagnosis" section to ascertain index or revision procedures.
Laboratory data on elevated white blood count, C-reactive protein level, and erythrocyte sedimentation rate were recorded for only those patients Table 2 Mechanism of Injury Definitions
Injury Mechanisms
Low-energy mechanisms dissipate approximately 100 foot-pounds of energy, such as falls from a curb. Moderate-energy mechanisms involve dissipation of 300-500 foot-pounds of energy, such as skiing and bicycle injuries. High-energy mechanisms involve greater than 2,000 foot-pounds of dissipated energy, such as automobile collisions. who were suspected of having an SSI. Eligible cases were reviewed for postoperative occurrence of SSI as defined by the CDC National Healthcare Safety Network (CDC/ NHSN). 4 Each patient's chart with respect to procedures was further evaluated for subsequent emergency department visits, readmission, antibiotic use, clinic visits suggesting SSI, and reoperations following the index procedure to "Rule out SSI," all within 12 months following the index procedure. Emergency department diagnosis, clinic diagnosis, or admission for infection/ contamination of the surgical wound or area of previous incision was recorded as an SSI. Infections were stratified as superficial, deep, or organ space (Table 3) . SSI was defined as infection up to 30 days postoperatively in cases without indwelling surgical implants, and up to 12 months in cases with retained implants. Moreover, all cases were evaluated up to 12 months following surgery regardless of the implant status.
Of note, wires and external fixators, which are not otherwise specified in the original definitions of the SWC, were categorized as class II (clean-contaminated) because of their direct communication with the external environment.
Statistical Analysis
The SWC was compared with SSI rates using a Fisher exact test. Other predictors were tested for associations with SSIs using a Fisher exact test for categorical variables, and univariate generalized linear regression models were used for continuous variables. Logistic regression models were used to calculate adjusted odds ratios (ORs) and 95% confidence intervals (CIs). P values ,0.05 were considered statistically significant. All statistical analyses were performed using SAS version 9.4 (SAS Institute).
Results
Nine hundred fifty-six consecutively logged orthopaedic procedures were manually reviewed from the medical records, and 400 of 956 (42%) met the selection criteria (Figure 1 ). Twenty-seven cases of SSIs (6.8%) were identified, as summarized in Table 4 . The demographics of the SSI cohort are as follows: lower extremity external fixators, 40.7%; open reduction internal fixation (ORIF) of the lower extremity, 14.8%; ORIF of pelvis/sacrum, 11.1%; ORIF of upper extremity, 7.4%; closed reduction and pinning of lower extremity, 3.7%; ankle fusion, 3.7%; pelvic external fixator, 3.7%; upper extremity closed reduction and percutaneous fixation, 3.7%; patellectomy, 3.7%; and nailing of intertrochanteric fracture, 3.7%. The location of the SSI cases was stratified as deep (n = 14, 51.9%), superficial (n = 12, 44.4%), or unknown (n = 1, 3.7%) ( Table 3 ). There was no significant difference in the rate of infection across the SWC classes, (P = 0.27) (Figure 2 ). When classes III (contaminated) and IV (dirty) were combined and compared separately against class I (clean) and class II (clean/contaminated), there was no significant difference (P = 0.15). Likewise, when combined classes I/II (4.5% or 18 SSIs/299 cases) were compared with combined classes III/IV (8.9% or 9 SSIs/ 101 cases), there was no significant difference between the two combined groups (P = 0.32). Patient demographics were stratified by SSI (Table 4 ). The CDC SWC showed no association with the rate of SSI (Figure 3) . In addition, a regression analysis of all three variables among SSI cases, such as ASA score, procedure duration, and SWC, did not show a statistically significant association with the SSI rate (P = 0.95, P = 0.78, and P = 0.28, respectively).
Patients with diabetes were at a significantly higher risk of developing SSI (P = 0.028). Of note, surgeries that resulted in an SSI and were performed on patients with diabetes were always of closed fracture type involving the lower extremities. The unadjusted OR of SSI among patients with diabetes was 2.85 (95% CI, 1.08-7.54; P = 0.035); when adjusted for age, the odds for developing SSI remained relatively high but was not statistically significant (OR [95% CI], 2.76 [0.99-7.69]; P = 0.052). Those with lower extremity injuries were at a significantly higher risk of developing SSI, (P = 0.0038) (Figure 4) . The presence of SSI was significantly associated with a positive bone/tissue culture (P , 0.0001). Among those with SSI, rates of elevated C-reactive protein level, erythrocyte sedimentation rate, and white blood cell count were 15%, 56%, and 48%, respectively.
Patients in need of bone graft-ie, fractures with marked comminution, segmental bone loss, or nonunion following closed fracture treatment-had a higher incidence of SSI; this difference, however, was not statistically CDC class versus SSI rate per class. There was no significant difference in the rate of infection across the CDC wound classes (P = 0.27); this trend remained true when CDC wound classifications III (contaminated) and IV (dirty/infected) were combined (P = 0.15). CDC = Centers for Disease Control and Prevention, SSI = surgical site infection.
Surgical Wound Classification and Surgical Site Infections significant (P = 0.085). Similarly, patients who were uninsured or had Medicaid/Medicare had a much higher rate of SSI compared with privately insured patients (8.6% and 9.4% vs. 2.8%, respectively); however, this was not statistically significant (P = 0.055). When private patients were exclusively compared with Medicaid/Medicare and uninsured patients, there was a significantly lower rate of SSI seen in the private group (2.8% vs. 9.0%; P = 0.021). Polytrauma patients, including those with spine, intracranial, intraabdominal, urological, and intrathoracic injuries, did not have a significantly higher incidence of SSI. The sample studied had 37/400 (9.3%) polytrauma patients, and of those, only 1/27 (3.7%) developed an orthopaedic procedure-related SSI.
Among patients who met the selection criteria (400 of 956), the median number of index surgeries performed on a daily basis was two (range, 1-9). The average daily rate of SSI among index procedures was 0.18, with most SSIs occurring on days when multiple procedures were performed.
Discussion
The SWC was designed as a component of the NNIS risk index to riskstratify wounds based on a crude assessment of the degree of contamination. It is used along with the procedure duration and ASA score and could provide prognostic information on likelihood for SSI. However, the current data did not show an association (ie, direct relationship) of subsequent SSI and SWC grades (I-IV). This finding is in accordance with the poor concordance already seen in the general surgery literature evaluating the utility of the SWC. Ortega et al 7 showed significantly lower rates of SSIs in the contaminated and dirty groups (classes III and IV, respectively) compared with the historically reported rates.
A recent multicenter study of 11 participating institutions reviewed 2,034 cases and showed a classification discordance of 44% across the participating institutions. 8 The implementation of the SWC was part of a national effort to reduce SSI rates and to standardize reporting of these complications for quality improvement across institutions. Although the SWC is one of the three parameters, ASA and procedure duration being the other two, in the proposed risk model, it is the least objective and the one with wide interobserver variability. Moreover, if found efficacious with some modifications provided by the results seen in this study (insurance status, lower extremity injuries, and history of diabetes mellitus), it has the potential to influence treatment strategies and perioperative protocols, inform surveillance protocols, and manage expectations-ultimately improving patient outcomes.
We suggest that the initiative for quality improvement, SSI risk surveillance, and promoting standardized institutional reporting of such events is important. The current study provides some objective insights that may be useful for future modifications of the current SWC and how it may apply to the orthopaedic patient. Some strengths of the current study are as follows: a retrospective design reviewing a single center and use of case logs of a single surgeon, which enabled consistent reporting of the SWC, thus avoiding the interobserver variability seen in previous SWC studies. 9 Despite previously published results on the SWC, there are still hospital systems remaining that rely on the aforementioned risk model to risk-stratify patients and may imply prognostic utility for subsequent SSIs, perhaps not its original intended use. Consequently, newer and more robust SSI risk models are being developed, that is, the NHSN procedure-specific risk index models. 8, 10 These newer models are yet to be adopted widely among hospital systems and may improve nationwide reporting, standardize the analysis of SSI and at-risk patients, improve infection control initiatives, and promote the development of novel strategies to reduce SSI risk.
The patients evaluated in the study belonged exclusively to the adult population (age, $18 years) and largely included patients with orthopaedic trauma injuries. This represents a different demographic from the pediatric and general surgery literature studied by Levy et al. 9 The results of this study can be particularly relevant to the general orthopaedic surgeon, orthopaedic traumatologist, hospital systems, and third-party payers, including Medicare/Medicaid, who value the SWC as part of their quality improvement initiative. The current study includes a wide spectrum of orthopaedic procedures involving all four extremities (long bones, shoulders, knees, ankles, and wrists) and the pelvis.
A possible explanation as to why the current results did not show an association (direct or indirect) between the SSI rate/incidence and SWC grade might be due to current operating room standards, surgical techniques, perioperative wound protocols, improved efficacy of antibiotics, and active surveillance of high-risk patients (ie, open injuries). However, the variables that demonstrated significance or were positive prognostic indicators for postoperative SSI, diabetes mellitus, lower extremity injury, and payer-source may strengthen future models.
Historically, diabetes mellitus is known to be associated with a higher risk of SSI and was found to be a significant risk factor for SSI in the current study. A univariate analysis following spine procedures by Olsen et al 14 demonstrated that serum glucose levels preoperatively and within 5 days following surgery were significantly higher in patients in whom SSI developed than in uninfected patients. Specifically, patients with a preoperative serum glucose .125 mg/dL or a postoperative serum glucose of .200 mg/dL had an OR of 3.4 for developing a subsequent SSI. 14 This is consistent with our finding of an OR of 2.85 for patients with diabetes. Similarly, a study looking at postoperative infection rates in foot and ankle surgery among patients with and without diabetes showed that the presence of "complicated" diabetes increases the risk of postoperative infection by 10 and 6-fold compared with uncomplicated diabetes. 15 The Lower Extremity Assessment Project (LEAP) study, a large prospective series evaluating lower extremity injuries, demonstrated that patients with lower extremity trauma are confronted with higher rates of wound infections and osteomyelitis compared with the pelvic/sacrum or upper extremities. 16 Our data endorse this trend as lower extremity injuries accounted for a significantly larger proportion of resultant SSIs: 10.2% infection rate among lower extremity surgical procedures, and 1.9% among upper extremity procedures. Among all SSI cases, 74.1% were from the lower extremity.
Another interesting finding was that the payer-source proved to be a significant prognostic factor for SSIs when Medicaid/Medicare and uninsured patients were compared with privately insured patients (9.0% vs. 2.8%; P = 0.021). In addition, our findings are consistent with those from a separate study looking at patients who had undergone primary hip or knee arthroplasty: variables compared were complications, costs, and length of hospital stay for patients with Medicaid versus patients with nonMedicaid insurance. 17 The patients with Medicaid were found to have a higher prevalence of postoperative SSI than those with non-Medicaid insurance (OR = 1.7; 95% CI = 1.3-2.1). 17 Reasons for this are likely multifactorial and may necessitate further investigation to better understand any differences that predispose or protect against SSI.
Limitations to this study include a relatively small sample size (400 cases) eligible for further analyses. A larger sample size might have been possible with a multicenter approach, but such a study design did not allow for control of potential interobserver variability, which has been described by previous reports. All wounds were appraised by a single trauma/general orthopaedic surgeon and a circulating nurse, and a consensus was reached 100% of the time.
Another limitation is that the study cohort does contain polytrauma patients with both orthopaedic and nonorthopaedic injuries. In these patients, confounding variables such as systemic inflammatory response syndrome, septicemia, and secondary procedures performed by other surgical services can influence the risk of SSI. Other variables not controlled for are as follows: type of implants used and miscellaneous hostdependent variables-postoperative patient compliance, wound surveillance, and acute rehab versus home care. Similarly, these variables may influence one's risk of SSI. 18 Unlike the Gustilo and Anderson wound classification system, in which open fractures are classified and further subdivided (type I, type II, types IIIA, IIIB, and IIIC) with respect to the severity of soft tissue injury, the SWC fails to account for such intrinsic risk factors associated with SSI, that is, poor soft-tissue coverage, need for softtissue flap, or vascular repair. In addition, the former classification shows a positive correlation with postoperative wound complications (wound infection, osteomyelitis, and amputation) and a higher classification grade. 19 In conclusion, the CDC SWC system did not show an association with the rate of SSI. As used by some facilities, it was not an effective prognostic indicator for SSIs in the orthopaedic patient. Certain variables were found to be positive prognostic indicators for future SSI and may be worthy of inclusion in future risk-stratifying models. These variables include but are not limited to diabetes mellitus and lower extremity injuries.
